Abstract: Giant optical propelling velocities of 15-20 μm polystyrene microspheres are observed in evanescent fiber-taper-to-microsphere couplers. The results demonstrate a possibility of parallel particle-sorting according to the frequency of their whispering gallery mode resonances.
Introduction
Coupled cavity devices attract significant attention currently; however one of the problems in this area is connected with imperfect fabrication which does not allow obtaining frequency-matched resonators with sufficiently high quality (Q>>10 4 ) factors in chip-scale structures. This leads to propagation and scattering losses in coupled resonator optical waveguides and other devices. An interesting alternative approach to technology of such structures is based on using spherical building blocks because microspheres can be individually sorted based on the positions of their whispering gallery mode (WGM) resonances. It can be achieved using resonant enhancement of the optical force exerted on microspheres, however the magnitude of these effects have been found to be rather limited in previous studies [1] .
In this work, using a simplified 2D model of surface electromagnetic waves evanescently coupled to WGMs in transparent circular cavities, we show that under resonant conditions the peaks of the optical forces can approach theoretical limits imposed by the momentum conservation law on totally absorbing particles [2] . Experimentally, we proved the existence of strong peaks of the optical forces by studying the optical propulsion of dielectric microspheres along tapered microfibers. We observed giant optical propelling velocities ~0.45 mm/s for some of the 15-20 μm polystyrene microspheres in water for guided powers limited at ~43 mW. Such velocities exceed previous observations [3, 4] by more than an order of magnitude, thereby providing evidence for the strongly enhanced resonant optical forces. We analyzed the statistical properties of the velocity distribution function measured for slightly disordered (~1% size variations) ensembles of microspheres with mean diameters varying from 3 to 20 μm. These results demonstrate a principal possibility of optical sorting of microspheres with the positions of WGM resonances overlapped at the wavelength of the laser source. They can be used as building blocks of the loss-less coupled resonator optical waveguides and various integrated optoelectronics devices.
The mechanism of resonant enhancement of the optical force
The light pressure on microspheres is determined by the conservation of the total momentum along the propagation direction, as illustrated in Fig. 1 (a) . Due to small reflection and absorption coefficients of dielectric spheres the optical forces are greatly diminished in comparison with estimations made for totally absorbing (F x =P 0 /c) or mirror-like (F x =2P 0 /c) particles, where P 0 is the power of the incident waves. In this work we study the optical forces mediated by evanescent coupling between the surface wave and transparent cylinder, as shown in Fig. 1 (b) . By using accurate analytical and numerical approaches we demonstrate that for sufficiently large dimensionless size parameters kR>30 and separations kd=1 (k=2 / 0 ) the surface wave can propel the transparent cylinder by means of WGM excitation more efficiently than a plane wave can propel a totally absorbing cylinder, as illustrated in Fig. 1  (c) . This mechanism gives rise to giant peaks of the resonant optical force which can be used for particle-sorting according to their WGM frequencies.
Experiment and Discussion
A sketch of the sample cell is presented in Fig. 2 (a) . Tapered fibers with millimeter-scale tapered region length were fabricated using chemical etching techniques. We showed that water-immersed polystyrene spheres with D<10 μm do not possess sufficiently high Q-factors of WGM resonances, however the resonances become narrower for larger spheres reaching Q~10 3 for 20 μm beads, as illustrated in Fig. 2 (b) . For optical propelling experiments the fiber was coupled to a single mode semiconductor laser tunable in the 1140-1250 nm range (TOPTICA Photonics AG, Gräfelfing, Germany). Spheres from the suspension were attracted to the taper by the gradient force and then propelled along the taper by the scattering force. The nanometric gap between the spheres and the taper was preserved due to an electrostatic repulsion caused by charging effects in the solution. The propelling was analyzed in short frames (~5 ms) separated by 160 ms time intervals, as illustrated for 7 μm particles in Fig. 2 (d) . A summary of the velocity measurements for different sphere diameters (D) performed for the same taper with P 0 =43 mW is presented in Fig. 2 (c) . For spheres with D~15-20 μm, the results demonstrate existence of strong resonant propulsion effects: i) For some of the propelling events, the magnitude of the optical force approaches a total absorption limit F x =P 0 /c that far exceeds any estimations for nonresonant forces, ii) The statistical distribution of the propelling velocities is very narrow for spheres with spheres with D<10 μm, but it broadens tremendously for spheres with D~15-20 μm, as illustrated in Fig. 2 (c) .
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